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Abstract

We presentdatapertaining to TevatronEffective BeamEmittanceandLuminosity for storesin 3052
to 3147range.

1 Introduction

WestudyTevatronTransverseBeamEmittancemeasurementsdoneusingFlying Wires(FW) (Seeref [2]) andSampledBunch
Display (SBD). We compare thosemeasurementsto Luminosity observedby CDF(B0)andD0 (andrecordedin C:B0ILUM
andC:D0ILUM ACNET variables)usingformulasdescribedbelow. This notecomplementsa previousnote[4] andcovers a
new storerange.

2 Data Selection

Thestoresfor this analysiswereselectedfrom postNovember2003startuprunning period namelystores3052–3132 with the
exception of thestore3053. Theresulting15storeswere:3052, 3057, 3080, 3083, 3101, 3103, 3108, 3118, 3120, 3122, 3123,
3125, 3127, 3130, 3132. Thestorescorrespondto theperiod whenhorizontal E11flying wire wasoperationalandoccurred
before January 19thwhentherewasa change in D0 luminositydetermination procedure.

TheTevatron Casechosenfor analysiswas“Remove Halo” (with thebeamenergy of 980GeV) andthefirst Setof “HEP”
Caseasthis is a setof caseswhereTransverseEmittanceFlying Wire measurementandB0 andD0 luminosity measurements
aredoneonly within a few minutesapart. TheSBD bunchintensitymeasurements wererescaledaccording to the “Flattop”
CaseT:IBEAM andSBD measurements. It was required that this rescalingbe no greaterthan2.5%. Other requirements
imposedon the datawere: For Luminosity andEffective Emittanceplots: B0 andD0 measuredbunchemittance(F emitt see
below) hadto besmallerthan30π � mm � mrad andB0 andD0 measuredandcalculatedbunch luminosity hadto begreaterthan
0.011030 � cm

� 2 � sec
� 1; For Emittanceplots:TheAntiprotonBunchIntensity hadto begreaterthan15 � 10 9.

3 Emittance and Luminosity Calculations

We calculateNormalized95%TransverseEmittance εh � v (in π � mm � mrad
�
) usingthefollowing formulas:

εh � 6

�
σ2 ��� δp

p

� 2D2 	 γL

β
εv � 6σ2 γL

β

where
δp � δt � 83
 293 � δt ��� 10
 562 � δt0 
 8023

�� � Seeref � 1� �
δt is the T:SBD[A,P]WS ACNET variable (longitudinal beambunchspreadin ns), p is the beammomentum in GeV, γ L is
theLorentz gamma, σ arebunchwidth asmeasuredby eachof thedetectors (ACNET variablesT:FW[H,V][A,P]SG). In the
FW casethe width is the arithmeticaverageof the two measurements (for both of the wire passestrough the beam). The
dispersion(D) andβ latticefunctionsatE11location(locationof theFlying Wire Detectors)areshown in Table1. Luminosity
L (in 1030 � cm

� 2 � sec
� 1) andEffective Emittance Femitt in εh � v (in π � mm � mrad

�
) arecalculatedusingformulasfrom [3]:

L � 6 � 10
� 5 f NBNpNaβrγr

4πβ � Femitt

� H � σl � β � �
1



Detector betaFunction[m] dispersionFunction[m]
FW E11H p & p 80.161 2.030
FW E11V p & p 80.804

Table1: Tevatronbetaanddispersion functionsfor correspondingmeasurementlocations

where
Femitt � 0 
 5 ��� � εp � εa

�
h
� εp � εa

�
v

f is therevolution frequency (47.7KHz), NB is thenumberof bunches(36),N p, Na arethenumbersof protonsandantiprotons
per bunch (in 109) measured with SBD (ACNET variables T:SBD[A,P]IS andrescaledusing“Flattop” CaseT:IBEAM and
SBD measurements), βrγr is therelativistic factor(1045), β � is is thebetafunctionat theinteractionpoint ( assumedequal in
bothhorizontal andverticaldirections aswell asatB0 andD0 andto be35
 6cm). H is thehourglassfactorcalculatedas

H � σl � β � � � 1 
 0831� � σl � 29 
 98
β � � ��� 0 
 3916 � � σl � 29 
 98

β � � � 0 
 06758 � � σl � 29
 98
β � � � 0
 0030907

���
andσl is longitudinalbeambunchspreadin ns (T:SBD[A,P]WSACNETvariable). In thetext thatfollowsweusethetermEf-
fectiveor CalculatedEmittanceto meantheFemitt derived fromLuminosity (andotherbeamparameters)andthetermMeasured
Emittanceor Emittanceto meanEmittancemeasuredusingtheFlying Wire Detectors.We usethetermCalculatedLuminosity
to meanLuminosity calculatedfrom Emittance(andotherbeamparameters)whereasweusethetermMeasuredLuminosity to
meantheLuminosityasmeasuredby thecorrespondingluminosity detectors.

4 Results

Fig. 1 shows calculatedBunchLuminosity over themeasuredoneversusthemeasuredonefor B0 andD0 locations. Onecan
seethatthepredictedluminosity is overestimatedby about35%.Fromthetwo plotsrelatedto B0 measuredluminosity onecan
seethateithertheB0 luminosity detectors seemto overestimateluminosity for higher valuesor thatthecalculatedluminosity
is underestimateddueto an unknown effect or that something waschanged during the storerange under study. The above
plotsdiffer significantlyfrom theplots from thepreviously studiedstorerange [4]. Thefigurealsoshows total measuredD0
Luminosityover B0 Luminosity versusmeasuredB0 Luminosityaswell astotalcalculatedD0 Luminosityover B0 Luminosity
versuscalculatedB0 Luminosity. Thecomparisonof D0 andCDFmeasuredluminosity showssimilartrendto theoneobserved
in thepastfor the2668-2997 storerangenamelythattheluminosityratioasreportedis a function of luminosity anddecreases
for higher luminositiesalthough theratioof thetwo is closerto onethanit wasbefore (anaverageratioof about0.97).

Fig. 2 shows B0 andD0 Effective Emittancecomparedto the EmittanceasmeasuredusingFlying Wires. Onecansee
thattheEffectiveEmittancedependsquitelinearlyon themeasuredonealthough theremaybea signof a discontinuity in the
profileof theB0 EffectiveEmittancedistribution. TheEffective Emittanceis about 35%higherthanthemeasuredEmittance.

Theremaining figures (3–11) areincludedfor completeness,with thetwo alreadyshown figures includedonceagainin the
differentcontext to allow for easiercomparisonswith theresultspresentedin thepreviousnote[4].

We would like to point out that during the storeperiod luminosity was changing significantly (Fig. 11) from 20 to 50� 1030 � cm
� 2 � sec

� 1 andthat otherbeamrelatedquantities wereshowing significantstoreto storefluctuations, e.g.ratiosof
verticalandhorizontal BunchEmittance(Fig 8), Effective Emittance(Fig 9) Effective Emittanceratios(Fig 10) or measured
Emittanceespeciallytheonefor antiprotons,possiblysuggestingthattheaccelerator characteristicswerechangingsignificantly
over thestorerange under study. Oneof thesignificantchangeswasthemove of B0 interaction point which tookplacebefore
store3101.

5 Conclusions

More studiesareneededto understandtheobservedeffectsandespeciallythechangesof thequantitieswhich shouldremain
constantfrom storeto storelike theratiosof theeffectiveandmeasuredemittances.
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Figure1: CalculatedBunchLuminosity (in 1030 � cm
� 2 � sec

� 1) over measuredoneversus measured onefor B0 andD0 lo-
cationstogetherwith total measured D0 over B0 Luminosity versusmeasuredB0 Luminosity andtotal calculatedD0 over
B0 Luminosity versuscalculatedB0 Luminosity. Luminosity calculatedbasedon transverseEmittanceat Remove Halo Case
measuredwith Flying WiresandSBD andBunchIntensitiesat first HEPCaseSetmeasured with SBD (rescaledaccording to
theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat thefirst HEPCaseSet.Stores3052–3132.
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Figure2: B0 andD0 calculated(Effective) versusmeasuredEmittance(in π � mm � mrad
�
) together with calculatedover mea-

suredEmittanceversusStoreNumber. TransverseEmittanceat Remove Halo Casemeasuredwith Flying Wires andSBD.
EffectiveEmittancebasedonBunchIntensitiesmeasuredwith SBD(rescaledaccording to theT:IBEAM measurement)andon
B0 andD0 Luminosity measurementsat first HEPCaseSet.Stores3052–3132.
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Figure3: CalculatedBunchLuminosity (in 1030 � cm
� 2 � sec
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Figure4: CalculatedBunchLuminosity(in 1030 � cm
� 2 � sec

� 1) overmeasuredoneversusStoreNumberfor B0 andD0 locations
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measuredwith SBD (rescaledaccording to theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat the
first HEPCaseSet.Stores3052–3132.
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Figure5: CalculatedBunchLuminosity (in 1030 � cm
� 2 � sec

� 1) over measuredoneversus measured onefor B0 andD0 lo-
cationstogetherwith total measured D0 over B0 Luminosity versusmeasuredB0 Luminosity andtotal calculatedD0 over
B0 Luminosity versuscalculatedB0 Luminosity. Luminosity calculatedbasedon transverseEmittanceat Remove Halo Case
measuredwith Flying WiresandSBD andBunchIntensitiesat first HEPCaseSetmeasured with SBD (rescaledaccording to
theT:IBEAM measurement).Luminosity basedonB0 andD0 measurementsat thefirst HEPCaseSet.Stores3052–3132.
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Figure6: BunchIntensity(in 109) and(Geometrical) AverageTransverseEmittance(in π � mm � mrad
�
) for ProtonandAntipro-

tonBunches. TransverseEmittancemeasured with Flying WiresandSBDatRemoveHaloCase.BunchIntensitiesatfirst HEP
CaseSetmeasuredwith SBD (rescaledaccording to theT:IBEAM measurement). Stores3052–3132.
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Figure7: Horizontal Antiproton andProtonEmittance (in π � mm � mrad
�
) togetherwith VerticalAntiprotonandProtonEmit-

tanceversus StoreNumber. TransverseEmittancemeasured with Flying WiresandSBD at Remove Halo Case.BunchInten-
sitiesat first HEPCaseSetmeasuredwith SBD (rescaledaccording to theT:IBEAM measurement).Stores3052–3132.
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Figure8: Horizontal AntiprotonEmittance(in π � mm � mrad
�
) versusVerticalAntiprotonEmittance(samefor Protons)together

with Horizontal Antiproton Emittanceover VerticalAntiproton Emittance versusStore(samefor Protons).TransverseEmit-
tancemeasuredwith Flying WiresandSBDatRemoveHaloCase.BunchIntensitiesatfirst HEPCaseSetmeasuredwith SBD
(rescaledaccording to theT:IBEAM measurement).Stores3052–3132.
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Figure9: B0 andD0 measuredandEffective(calculated) Emittance(in π � mm � mrad
�
) versusStoreNumber. TransverseEmit-

tanceat Remove Halo Casemeasuredwith Flying WiresandSBD. Effective Emittancebasedon BunchIntensitiesmeasured
with SBD (rescaledaccording to theT:IBEAM measurement) andon B0 andD0 Luminosity measurementsat first HEPCase
Set.Stores3052–3132.
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Figure 10: B0 andD0 calculated(Effective) versusmeasuredEmittance(in π � mm � mrad
�
) together with calculatedover

measuredEmittanceversusStoreNumber. TransverseEmittanceat RemoveHaloCasemeasuredwith Flying WiresandSBD.
EffectiveEmittancebasedonBunchIntensitiesmeasuredwith SBD(rescaledaccording to theT:IBEAM measurement)andon
B0 andD0 Luminosity measurementsat first HEPCaseSet.Stores3052–3132.
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Figure11: B0 andD0 measured andcalculatedLuminosities(in 1030 � cm
� 2 � sec

� 1) versusStoreNumber. Luminosity cal-
culatedbasedon transverseEmittanceat Remove Halo Casemeasuredwith Flying WiresandSBD andBunchIntensitiesat
first HEPCaseSetmeasured with SBD (rescaledaccording to theT:IBEAM measurement).Luminosity basedon B0 andD0
measurementsat thefirst HEPCaseSet.Stores3052–3132.
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